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CHAPTER I 
INTRODUCTION 
In recent years elevated levels of serum trigly-
cerides have become of increasing importance in the 
field of medical technology. Abnormally high trigly-
cerides have been claimed to be a major cause of nu-
merous diseases and illnesses. Fredrickson and his 
associates (7, 15) have introduced a system for clas-
sifying hyperlipidemia, and in all classes elevated 
triglycerides is a major laboratory finding. Disorders 
include obesity, diabetes, pancreatitis, xanthomatosis, 
hypothyroidism, and liver and kidney diseases; but most 
important is atherosclerosis. 
An abnormality in triglyceride levels is actually 
reflected as an abnormality in lipop:t'oteins. Dole ( 3) 
suggests that tri[,;lycerides combine with proteins to form 
mobile protein-lipid complexes. The lipid is, therefore, 
dependent on a corresponding protein for transporta-
tion. Thus, a high level of trigl;ycerides is due to 
an abnormality in that particular protein upon which 
the triglyceride is dependent (21+) .. Dole ( 4) also 
suggests that there is an increase in atheroscler-
osis occurrence in diabetics when they are treated 
with insulin. This, he says, is due to the decreases 
in the serum level of the non-esterified fatty acid 
2 
part of the triglyceride molecule. It is known from H. 
M. Sinclair's work (19) that these non-esterified fatty 
acids are needed for the transport of cholesterol. If 
cholesterol is not transported in the blood it easily 
deposits on the walls of the arteries. This causes 
"hardening of the arteries 11 as it is known. 
Standard laboratory methods, as used in hospitals 
and_clini_c_al_laboratories throughout the nation, em=-
ploy a colorimetric technique for analysis of serum 
triglycerides. The procedure is based on methods of 
Kessler and Lederer (14), and Fletcher (6). The 
reaction is based on that of Hantzsch (17). This pro-
cedure involves many steps, all of which may introduce 
large error. The method takes at least one hour to 
analyze a dozen samples, and even longer depending 
on which commercial kit is actually used. The results 
are quite often inaccurate, and many times are not 
reproducible. 
Some work has been done in the development of new 
methods for serum triglyceride analyses. The most ad-
vanced work makes use of an 11 automated analyzer" of 
tb.e type produced by 'l'echnicon Corporation under the 
trademark AutoAn.alyz~~· r.rhis instrument determines the 
serum levels by the same method a~J above but at a faster 
ra:be, but the equipmen·t; is costly" A second method 
makes use of light scattering indices (nephelometry) 
to assess serum triglycerides. Work in this area has 
been done by Helman, Blevins, and Gleason ('12). Their 
results were consistent, in most cases~ with those of 
the colorimetric method. Of the thirty :B'redrickson 
classifications they made by nephelometry twenty-one 
were in agreement with manual methods. However, Baty 
and Batsakis ('1) have concluded that nephelometry 
3 . 
11 _____ pr_oxid_as too indirect an assay_i;_Q_gi ve consistent re-
sults for sermn triglycerides. A third method employs 
chromatography and infrared spectrophotometry. Freeman, 
Lindgren, Ng, and Nichols (8) showed that first, the 
lipids could be separated by chromatographic techniques, 
and then the extraction could be analyzed by infrared 
measurements. However·, it is found that fractionating 
the lipid leads to error and .is quite time consuming. 
Still other methods use phenylhydrazine ("13, 16), 
mercap·boacetic acid (5), or oxidation to yield aldehydes, 
which are then thip-layer chromatdgraphed (18). 
In light of the :numerous above methods and the 
error and time involved in analysis, the development of 
a new improved method with the time factor in mind 
was attempted. The use of infrared spectrophotometry 
was employed; but wi·bhout the use of any prior extrac-
tions .. It is hoped that this technique can give accu-
rate and consistent values for triglyceride levels with 
a minimum amount of t;ime expended. T'he new method should 
also be easy to install with a simplified procedure 




Basically, two methods are used for the analyses 
and comparisons of triglycerides in serum. The first is 
a colorimetric technique based on optical density that 
is produced by a single color reagent which absorbs 
~------~in the ultraviolet range. The second utilizes the in-
frared absorption of the esters of triglycerides. 
The majority of clinical laboratories today use 
the ultraviolet colorimetric technique which is based 
on the Hantzsch reaction (Figure 1). The serum trigly-
cerides are extracted in isopropanol, and then con~ 
centrated potassium hydroxide is added to saponify 
the esters to yield ~lycerol and fatty acids; the 
former is oxidized to give three moles of formal~ 
dehyde per mole of glycerol. This oxidation is carried 
out by us§ of either ~eriodic acid for solutions of pH 
less than 1+, sodium metaperiodate for solutions of pH 
4-7, or the potassium salt for alkaline solutions (9). 
Most reactions are carried out at about pH 4 using 
sodium metape:riodate. A solution of acetylacetone 
(2,4-pentaned.ione) and ammonia ·is added to the form ... 
aldehyde solution to .fo:t'm 3, 5-cli&cetyl-'1 ,4-d.;i.hydro .... 
lutidine. This end product is a yellow solution and 
absorbs at 405-4'15 nanometers. 
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TYPICAL REACTION FOR COLORIMETRIC ANALYSES .bF SERA 
0'-
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Most of the commercial kits available far the 
colorimetric analysis provide reagent grade chemicals, 
except the acetylacetone, which is 100%. Two of the 
working solutions have a limited stability. Acetylacetone 
working solution (color reagent) is stable approximately 
one month, whereas sodium metaperiodate, which is di-
luted with alcoholic acetic acid to maintain the correct 
pH, is prepared daily. All solutions of limited stability 
are stored at 5 degrees Centigrade. 
Three different commercial methods were used .for 
colorimetric analysis. Serum samples obtained from 
Spencer Laboratories of Stockton were analyzed by an 
AutoAnalyzer (Technicon Corp., 'I'arrytovm, N.Y.); samples 
obtained from Dameron Hospital of Stockton were analyzed 
by the Tri .... Chol method (Oxford Laboratories, Foster City, 
·cal. 94404); samples analyzed by the author were done 
using the Sigma technique (Sigma Chemical Co., St. Louis, 
Mo. 63178). The method.s are similm.~; however, some 
differences do appear among the three procedures. The 
major di.fferenc~ lies in the time allotted for incuba-
tion of samples after addition of sodium metaperiodate 
and acetylacetone and again after addition of KOH •. 
Sigma requires thirty minutes and f'i ve minutes respec-
tively; Tri-Ohol requi~es five minutes for each period. 
The AutoAnalyzer has still another time interval and 
also is different in that all additions are done me-
8 
chanically. 
The three techniques all utilize a standard curve 
for determination of the concentrations, with a Beer's 
Law plot of absorbance versus concentration giving a 
straight line. The usual method is to run standards .in 
the range of 100 to 300 mg % and then the unknown con-
centrations are determined directly from the graph. 
Tri-Chol and AutoAnalyzer suggest preparing standard 
curves with each set of unknowns, whereas Sigma suggests 
preparing one permanent curve and running only one 
standard with the unknowns to check the validity of 
the standard curve. 
Cholesterol analysis was done by the Tri-Chol 
method. This is also a colorimetric technique, which 
is based on the principles of Kiliani and Zak (23). 
) 
The color reagent, a solution of ferric ion in sulfuric 
acid and acetic acid, is added to the lipid extract 
resulting in a purple color that absorbs at 560 nano-
meters. Here again, a standard curve is run with each 
set of. unknowns. 
The :Lnfrared method involves essenti.ally one step. 
A serum sample of 15 p.l is dropped onto a AgCl cell by 
use of a 50 pl eyringe; and this 8/i:thlple is spread out 
to about 1/32 inch from the indentation edge 6f the cell 
This is eiasil;r· a.ccompli&1hed by· usa of a spreader that 
is made from an old cell cut to about 1/8 inch by 1/2 
inch with one end cut at an angle of about 45 degrees. 
The other end is pushed into a slit in a pencil eraser 
to facilitate easy handling. vJhen the sample has been 
spread it is allowed to air dry, which takes about fif-
teen minutes. 
The AgCl cell is placed in a \vilks Nini-cell 
holder, and its infrared spectrum is taken--\vith an 
air reference--on a Perkin-Elmer l"'odel 21 Spectro-
photometer. The instrument settings are: response-L~, 
gain-5, auto suppression-6, speed-7, and slit-9.26 m~. 
The spectrum is run in the region of 5. 714- microns 
(1742 .2 cm-1 ) \~There there is a shoulder peak that is 
representative of the triglyceride concentration. 
Formulation of study begins with the preparation 
of serum standards. Soluble triacetin (glycerol tri--
acetate) is added to fresh serum in the amounts shown 
in Table I, correcting for the molecular weight of 
triglycerides in serum. The molecular weight of serum 
triglycerides is 860 grams/mole (21); triacetin is 
218 grams/mole. Since absorbance is dependent on a 
molar value, for a 100 mg 96 standard the amount of 
triacetin to be added is calculated to be: 
100 mg 96 == 1 rng/1 ml 
1 mg/'1 ml x 218 g/mole ~" 0.25 mg/1 ml ~mole 
Density of triacetin :::: 1 "156 mg/ml 
9 
TABLE I 
DATA FOR PREPARATION OF 
INFRA'.RED SERUM STANDARDS 
(Amount of Triacetin Needed to Add to 1ml of Fresh 
Serum to Get Various Triglyceride Concentratltms} 
10 
u--------=l _____ !li-0------'l---=-=---=----~c--ll----o-~~~--=-'---- _____ .-1=--------standard alculated Volume of Weight of Volume of 
No. Concentration Serum Triacetin Triacetin 
{ mg % } ( ml ) ( mg } ( J.tl ) 
1 100 1 0,250 0,216 
..... 
2 150 1 0.)?5 0.324 
J 200 1 0.500 o.43J 
4 250 1 0.625 0,541 
5 JOO 1 0.750 0,649 
6 400 1 1,000 0,865 
7 500 -1 1.250 1,081 
8 6oo 1 1.500 1. 298 
11 
0.25 m' 1156 mg ml = 0.216 »1 
This volume of triacetin is added to 1 ml of fresh serum 
withdrawn from a fasting patient. The patient's resid-
ual triglyceride level causes the concentrations to be 
slightly high, so that the f~nal concentrations must be 
determined manually, in this case by the Sigma method,. 
To get a set of standard peaks, the infrared spectrum 
a Beer's Law plot can be graphed, whereas the lower 
levels do not give a sufficient peak to measure. For 
the lower levels of triglycerides comparison is made 
to the standard spectrum to get the concentrations. 
As previously mentioned, unknown serum samples 
were obtained in two different groups. The first group, 
from Spencer Laboratories, was used for initial testing 
of the standards and for comparison to the AutoAnalyzer 
method. The second group, obtained from Dameron Hos~ 
pital, served as a final check of the accuracy· and 
consistency of the infrared method and also as a com-
parative check of the Tri-Chol method. Each of the 
serum samples of each group was ·run on the infrared 
spectrophotometer. 
To measure the effects of cholesterol esters on 
the peak suitable for triglycerides, cholesteryl ace-
tate was added to serum with a known amount of trigly-
12 
cerides present, and then was run on the infrared spectro-
photometer in the same manner as the other samples. The 
cholesteryl acetate was prepared in the laboratory by 
boiling a solution of 5 grams of cholesterol in 75 ml 
of acetic anhydride, cooling, filtering, and washing 
the product with cold methanol (2). Some problems 
arise in getting the ester into solution in serum; 
however, thorough and vigorous mixing is usually suf-
ficient. The serum sample, after taking its spectrum, 
is analyzed by the Tri-Chol method for cholesterol 
level, measuring both the free alcohol and the ester. 
As a last step the standards were run on a Perkin-
Elmer 137 and a Perkin-Elmer £·1odel 337 spectrophoto-
meter to check the re~olution requirements of the 
infrared method. Again, a AgCl cell was used with 
the same procedure employed as with the Nodal 2'1. 
The results, as a whole, obtained from these 
tests were weighed and compared to show the validity 
of the various methods. Time and ease of the procedure 
were considered in making any judgements. Also, and 
perhaps the most important, quality of the results 
were compared and contrasted. These comparisons were 
used to make general conclusions about each methode 
CHAPTER III 
RESULTS AND DISCUSSION 
In the preparation of the serum standards many 
attempts were made to get the triacetin into solution 
in serum of low residual triglyceride level. The vol-
umes of triacetin required to get the various concen-
;~------~t~atjLQn~~ as shown in Table I, did not necessarily 
give the calculated mg %. In some cases an extra amount 
had to be added to get the wanted concentrations, and, 
therefore, required a manual method to determine the 
actual" concentrations of the standards. The manual 
method was the Sigma method, which was found to be the 
most ~eliable, and which required~ first, the establish-
ment of a standard curve. Triglyceride standards in 
isopropanol in the :;'Bnge from 75 to 600 mg % were run, 
and the absorbances were read versus a reagent blank. 
The resultant data and. standard ou:t>ve are shown in 
Table II and Figure 2 respectively. 
A least squares calculation on the standard curve 
gives a slope of 1.98 x 10-3 and an absorbance inter-
cept of' -0.086. The standard deviat1.on for the best 
straight line through the given points is 6.1? x 1o-5 .. 
This standard deviation is within reasonable limits 
and allows ligitimat~ extrapolation from the curve. 




DATA FOR SIGMA STANDARD CURVE #1 
(Absorbances of Standards versus a Reagent Blank a t 405 nm. ) 
Standard Standard Absorbance 
No. Concentration (mg %) 
1 75 
2 150 0.219 
3 225 0.343 
4 300 0.488 
.5 375 o.685 
6 450 
7 .525 0.970 




















CONCENTRATION (MG %) 
(TRIGLYCERIOES) 
FIGURE #2 





0.024, at the lower end of the straight line .. 
Nine serum standards were prepared, and their 
concentrations were determined using the Sigma method. 
A. standard of 300 mg % was run at the same time to 
check the validity of the standard curve. The standard's 
value, as determined from the curve was 315 mg %, 
which is within the recommended ±20 mg 96 limit. The 
r:---__ .r_e_s_ul tant triglyceride levels of the serum standards 
appear in Table III. 
These serum standards were used to determine the 
values in all infrared analyses, and it is seen, therefore, 
that.the accuracy of the infrared method actually depends 
upon the accuracy of the Sigma analysis. However, the 
reliability of the Sigma method and the continual 
checking and comparison of the infrared peak heights 
versus concentration, eliminates any gross error. 
Next, the serum standards were run on the Model 21 
infrared spectrophotometer using an air reference, giving 
resultant spectra as shown in Figures #3-11. If oniy 
elevated levels of triglycerides a~e considered, a 
partial Beer's Law plot for the infrared absorbances 
of the standards can be graphed. The absorbances, as 
read ±'rom the spectra, are shown i.n Table IV. 
~he values of absorbances from. Table IV were graphed 
ve:r.su.s their respective concentrations as determined 
by the Sigma method. The curve appears in ],igure 12. 
r•• ••• 
TABLE III 
TRIGLYCERIDE CONCENTRATIONS OF SERUM STANDARDS 
(Absorbances and Resultant Concentrations 
























aconcentrations of the serum standards 
were determined directly from the 
standard graph of absorbance vs. 









INFRARED SPECTHUH OF SERUM S1l'ANDARD t~3 

22 
' 4 5 6 
FIGURE #7 





INFRAHED SPECTRUM OF SEHm-1 STANDARD #6 
4 5 6 
FIGURE #9 





INFRARED SPECTRUl'll O:B' SERUM STANDARD //-8 

TABLE IV 
INERARED ABSORBANCES OF SERUM STANDARDS 
Standard Triglyceridea Absorbanceb 








3 205 O.OO? 
4 23.5 0.019 
.5 360 0.051 
.6 395 0.045 
? 490 0,102 
8 .540 0.127 
9 580 0.151 
aconcentrations as determined 
by Sigma Analysis (Table III). 



























IR SERUM STANDARD CAIJIBRATION CURVE (Cone. of Serum St'd's vs. Abs. at 5.74 JA) 
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Upon making a least squares calculation of this graph 
it is found that there is some deviation. 1.rhe standard 
deviation is 4.23 x 10-5 with an absorbance intercept 
of -0.079. This negative intercept app·ears because 
the peak height is what is being measured, and there 
is no peak for lower concentrations. 1.rhe slope of the 
curve is 3.79 x 10-4• The major error lies in standard 
0.045. In comparison, a concentration of 360 mg % 
29 
gives an absorbance of 0.051 (standard #5)a Values for 
standards #1 and #2 could not be graphed because of the 
low absorbances. This suggests that for lower levels of 
triglycerides the only way to determine the concentra~ 
tions of unknowns is by comparison to the standard 
spectra. This works quite well for the higher concen-
trations, as well as for the lower concentrations. 
The most practical method is to construct a chart 
showing the respective concentrations with their peaks 
as determined from infrared spectra, Such a chart is 
shown in Figure #13. 
Nine serum samples, obtained from Spencer Labor-
atories of Stockton, were next analyzed by the Sigrna 
method, and the results are shown in Table V. The 
no:rroal levels of trie;lycerides appet'\r in ;rable VI .. It 
is observed that all the samples are within the normal 
levels for patients under forty years old except iP3 and #9 .. 
JO 
TABLE V 
TRIGLYCERIDE CONCENTRATIONS OF UNKNOWNS 
OBTAINED FROM SPENCER LABORATORIES 
(Absorbances and Resultant Concentrations 
As Determined from Sigma Standard Curve #1.) 
-U-nk-no-v.n--- -A-bs-o-rba..."l.ce-- --Concen-tr-a-tion~- -
No. (mg %) 
1 0.260 150. 
2 0.170 95 
3 0.190 105 
4 0.240 135 
5 0,353 200 
6 0,184 10.5 
7 0.140 80 
8 0.106 60 
9 o • .sos 290 
_. 
aconcentrations of the unknowns 
were determined ditectlY 
from the standard graph of 




NORMAL RANGES OF SERUM TRIGLYCERIDESa 
Age Concentration 







50 .... 59 10-190 
aNormal ranges based 
on the assumption that 
40% of an average Amer-
ican diet of calories is 
provided by fat. 
32 
The ages of the patients from which the sera,were 
withdrawn are unknown; but the question of elevated, 
or normal, levels of triglycerides is not important 
here, only the comparison of the levels from color-
imetric analysis with those arrived at by infrared are 
of interest. 
The spectra of the nine Spencer samples were next 
33 
------c:run-Gn-the-i-n:C!'ax>ed-spectrophotome1;er,_and._the_re.sJ..:t1_tl3.n't _____________ _ 
spectra are shown in Figures fl1L~-22 .. Table VII shows 
a summary of the data for the Spencer samples. The 
Sigma concentrations should agree with the IR values 
since -the IR method was standardized by the Sigma 
technique. These values are found to correlate fairly 
well. For example, sample #1 was found, by the Sigma 
method, to contain 150 mg 96 triglycerides, with a 
corresponding IR value of 150-'160 tng 96, but some of the 
other samples showed a slight dev:tation. Sample #4 
wai!J 5 mg 96 higher tht:ln the IR ra:n.g~Z~. 
'l'he co:rwentratio:ns of the samples, as obtained 
from Spencer Laboratories (AutoAnalyzer technique), 
showed close co~relation to the IR values with one 
exception. Sample f-)9 was reported to have 309 mg 96 
whereas the IR value and the Sigma value were 280 mg 96 
and 290 mg 96 !'eEspectively. It should be noticed that 
Table VII shows an absorbance reading for only sample 119, 
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FIGURE #17 
INFRARED SPECTRUf1 OF UNKNOWN SERUM SAr·1PLE #1+ 
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SUMMARY OF CONCENTRATIONS OF UNKNOWNS 11 
I 
INCLUDING SOURCE, SIGMA, AND LTWRABED' :VALUES 
Sigmab Unknown Source a In£f.aredc 
No. Concentration Concentration : Absorbance 
(mg %) (mg %) 
1 155 150 
2 92 95 
3 98 105 
4 122: 135 
5 184: 200 
6 92 105 
7 86 80 
8 '71 60 
9 309 290 0.031 
aConcentrations as re·ported by Spencer Lab. 














cFrom Figs. 14-22. Only higher concentrations giv~! measureable peaks. 
dcancentrations determined. from Figs. 12 and 13 ufdng the given 
absorbances. 




enough to measure. For this value a single concentration 
rather than a range, can be reported. For those where 
there is not a large enough peak concentration is deter-
mined. by comparison to ]'igure il13. Here, there is no 
direct measurement, and so it is best to report a ?='ange 
for the concentration. 
Twelve more serum samples were obtained from 
Dameron Hospital ·or Stockton, and their triglyceride 
concentrations were determined by the Sigma procedure. 
In determining the values for these unknowns the cali-
bration curve was found to be invalid, therefore, a 
new Sigma standard curve was prepared. The curve ap-
X /lo-3, pears in Figure #23. This curve has a slope of 1.92 , 
absorbance intercept of 3.27 x 10-2 , and a standard 
-4 . . . deviation of 2.00 x 10 • The UV absorbances for 150, 
225, and 300 mg 96 standards were, respectively, 0. 322, 
0.484, and 0.600. Using this curve and the absorbance 
readings from the Dameron samples, as measured by the 
Sigma method, the triglyceride concentrations v.rere 
obtained as Shown in Table VIII. 
The infrared spectra of thesE'3 samples were immedi-
ately taken, and the concentrations determined from 
.Figure #12 and Figure #13. Figure #24-35 show the 
spectra of the Dameron samplese Summary concentrations, 
including Sigma values, IH values, cmd values obtained 




















CONCENTRATION (MG %) 
(TRIGLYCERIDES) 
FIGURE 1/12, 





TRIGLYCERIDE CONCENTRATIONS OF UNKNOWNS 
OBTAINED FROM DAMERON HOSPITAL 
(Absorbances and Resultant Concentrations 
As Determined from Sigma Standard Curve #2) 
r Uffitnown --------Absorbance 
r- ::tl 
- -concH:ln"tration--
No. (mg %) 
10 0.420 200 
11 0.236 105 
12 0.380 180 
13 0,419 195 
14 0,418 195 
15 0.?20 350 
16 0.4?0 22.5 
17 0.369 175 
18 0.355 165 
19 0.469 22.5 
20 0 • .520 250 
21 0.353 165 
aconcentrations of the unknowns 
were determined directly 
from the standard graph of 





- .. -r· 
4 5 FIGURE #25 6 








4 5 6 FIGURE #28 
INFRARED SPECTRUM OF Ul'fKNOWN SEH.UM SAMPLE #14 
= 
4 FIGU§ #30 6 
INFRARED SPEC'I'RU~1 01'' UNKNOWN SJ~RUM SA1'1PLE #'16 
54 
4 FIGU~ #31 6 
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in Table IX. There are some major disagreements between 
the Sigma method and the IR method. For example, sample 
#11 was determined by Sigma to have 105 mg % trigly-
cerides whereas the IR value was 200 mg 96. 1rhe correspond-
ing Tri-Chol value was also 105 mg % which tends to in-
validate this single IR value. Sigma values for samples 
#12 and #18 were somewhat lower than the IR value. 
the Sigma values. Possible reasons for this will be 
discussed later. 
For sample #10, the Tri-Chol value was ex-
tremely higher than the others; 390 mg 96 as compared to 
200 mg 96 and 220 rng 96 .. Sample f/-1'-1- was also higher 
with a value of 232 mg % to 195 mg 96 and 200 mg.%. 
Samples #15, i/17, and 1121 were, again, higher than the 
others. On the average, all of the Tri-Chol values V.Jere 
higher than those of the two o.ther me~hods, and the 
Sigma method usually gave the lowest of the three values. 
I·c is possible to see a trend in Table IX 
with respect to the IR values and the Sigma values. 
All but two of the IH values are higher than the Sigma 
values, which tends to suggest a possible unforseen 
error in the infrared technique. Because cholesterol 
esters also absorb in the region for triglyceride 
esters, a test was made--addition of cholesteryl 
ace'l:iate to a· known serum sample-- to measure the error 
TABLE IX 
SUMMARY OF CONCENTRATIONS OF UNKNOWNS, 
I 
INCLUDING SOURCE, SIGMA, AND :INFmum:D:'-'V.A:J:ZUES 
' 
Unknown Sourcea Sigmab Ihft:aredc Infaredd 
No. Concentration .concentration Absorbance Concentration 
{mg %) (mg %) (mg %) 
10 390 200 0.010 220 
11 105. 105 I 200 I 
' 
12 190 180 0.010 I 220 I 
I 
13 206 195 0.010 220 
14 232 195 200 
15 380 350 0.052 I 340 
I 
16 245 225 0.021 
I 
250 
17 245 175 200 
' 
18 220 165 0.012 225 
20 255 250 '0.027 265 
-
21 20El 165 185 
aConcentrations as reported by Dameron Hospital. Tri-Chol method. 
bconcentrations :from Table VIII. . I 
cFrom Figs. 24-35. Only higher concentrations give 1111easureable peaks. 
dconcentrations determined from Figs. 12 and 13 usi~1g the given . 
abscn:ba:n:ceso I 0\ 
0 
introduced. Spencer sample #1 was used, and an unknown 
amount of the acetate was added and mixed thoroughly 
on a vor·l;ex mixer. lVIanually, the concentration of 
total cholesterol present was measured by the Tri-Chol 
cholesterol analysis method. Three standards, 200, 
61 
400, and 600 mg 96 cholestero'l were run with the unknown 
giving absorbances of 0.605, 1.275, and 1.900 res-
::----~p-e-e-t-i-v-e-l-y--.--------'I'w-G-s-a-m-p-l-e-s-0-f-t-he-u-n1<:-n-0-\V-l1-e-a-e-h-g-ave-a-n---
absorbance reading of 1.95, corresponding to a con-
centrations of over 600 mg %. The infrared spectrum was 
run and is shown in I!'igure #36. This peak height re-
presents a total lipid value of 340 mg 96 with 155 mg % 
attributed to the already present triglycerides.· This 
leaves 190 mg 96 of cholesteryl acetate, which does 
not agree at all with the 600 plus ~g % that was 
calculated before. 
An error analysis on this difference caused by 
cholesterol esters will explain mi..lch, as well as sup-
port the accuracy of the infrared analysis method for 
triglycer:l.des. The error above means that for a level 
of over 600 mg 96 cholesterol este:r:·s in serum there 
will be a peak ih thE3 infrared spt1Ctrum equivalent to 
only 190 mg %, or about 30% absorbance. Also, in 
human serum only about 7596 of the (!hole~:{terol present 
is in the ester form (1'1). The manual laboratory methods 
measure total cholesterol level (alcohol and acetate), 
4 FIGU~ #36 6 
·!NFRARED SPECT.RUN OF UNKNOWN #1 VJITH CHOLESTERYL ACETA'I'E 
whereas the IR method measures only the ester. Therefore, 
where a reported value for cholesterol level might 
be 100 mg %, as determined by colorimetric techniques, 
the IR method would show a peak indicating 75 mg %. 
! 
63 
This is another reduction of 25% in absorbance for choles-
terol. Therefore, resulting 'error in the triglyceride 
peak due to esters of cholesterol amount to about 23%. 
considerations. The molecular weight of serum triglycerides 
is 860 g/mole, and cholesteryl acetate is 429 g/mole. 
Thus, a 100 mg % level of triglycerides corresponds to 
a 1.1-x 10-3 M concentration, and a 100 mg 96 level of 
cholesteryl acetate corresponds to a 2.3 x 10-3 M con-
centration. The concentrations must be expressed in 
moles/liter, because Beer's Law says that the absorbance 
is proportional to the molarity of the solution, not 
mass per volume, as mg %. The level of the cholesteryl 
acetate is 2 .. '1 times that of triglycerides, which 1neans 
that for an ace·t;ate level of 100 rng 96 there would be 
a peak equivalent to 48 mg 96 triglycerides. ~'his ac-
counts for some of the reduction :i.n absorbance, but not 
all. Now, considering the fact~ again, of 100 mg of 
total cholesterol in human serum only 75 mg is the ester, 
the actual colorimetrically measureable amount of choles-
terol would be L~S mg/. 75, or 6L~ me; 96. Next, considering 
the number of functional groups available for infr~1red 
absorption, it is found that there are three,per mole 
for triglycerides and only one per mole for cholesteryl 
acetate. Thus, the concentration is divided by 3 giving 
21 %. This agrees very closely with the 23 % predicted, 
and so verifies the fact that interference in peak 
height due to cholesterol es1:;ers is relatively small 
at low concentrations of the ester. It is important to 
6LJ-
c--------note-tb.at-an-ereva-t-ed-eoneen:t-ra-t-~on-0£-ei-t-he~-e£-the--~------
lipids usually means a similar concentration of th~ 
other lipid. Considering all aspects, the infrared 
method seems to perform well in spite of the cholesterol 
interference. 
A selection of the serum standards was run on a 
Perkin-Elmer IVIodel 137 and I'~iodel 337 to check the re-
solution requirements of the infrared analysis. The 
Model 137 spectra are shown in J!'igu:r:•es ff3?-40; which 
are for standards f/3 (205 rag %) , f/.5 (360 mg 96), If? 
(490 mg 96), and #9 (580 mg 96) respectively., The res-ults 
show that there is enough resolutio:t'l to allow the use 
Of the Model 13? for a screening test, but not for 
quantitative measuremen·bs. :B'or the Hodel 337 the s;pectra 
for the same standards as above c-).re shown in Figures 
#L~1-LI4. Here, the peaks are so small that the resul·bs 
are of no practical use. Therefore, the use of the Model 
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Many problems arose in the various procedures, 
although, the final analyses were performed without 
extreme difficulty. The major corrections had to be 
made in the Sigma colorimetric test. The standard 
curve was not reliable from day to day, because the 
strength of the solutions, especially the color reagent,. 
changed overnight. Therefore, the optical density, 
and thus the slope of the curve,_ changed with each test. 9'----------
The colorimetric tests involve at least two di-
lutions and several small additions of serum or solu-
tions. Each of these additions introduces error which 
makei the last digit of the final concentrations in-
significant, as well as, perhaps, making the second 
figure only an estimation. The laboratories report 
concentrations of serum triglycerides to the nearest 
1 rng 96. It can be seen that this is misleading and 
incorrect. 
Another ciear fault that these tests have is the 
use of an extension of Beer's Law plot beyond the last 
actual absorbance reading. At low and high concentration/ 
absorbance readings Beer's Law plot is known to deviate 
(22). This is important because it :Ls the high con• 
cen·brations that are the most inte:t:•esting in diagnosis. 
The infrared method is essentially a one-ste~ 
process, this being the spotting of the serum on the 
AgCl cell. If care is taken, almost all error in tech-
73 
nique can be eliminated. This leaves only the error 
in measuring with a syringe while taking an aliquot 
of the serum. If a 50 ~1 syringe is used there will 
be an estimated relative error of 3%. This error is 
most iikely due to bubbles that inevitably form in the 
tube of the syringe after repeated use. For an example, 
consider a measured concentration value of 300 mg %. 
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be reported, however, there is a possibility that 
additional deviations could be introduced. Above, it 
is taken for granted that the measured value is read 
accurately from the spectrum. If there was an error 
of ±5 mg % in the reading, and the actual concentration 
was 300 mg %, the resUltant relativ~ error would be 
approximately 596. At this point a rahge of 285 to 
3'15 mg % must be reported as the beffit estimated concen-
tration of triglycerides for the example serum. It 
should be mentioned the:b these are the extreme limits 
of error,·and most'measurements, ·oeing done·by exper-
ienced personnel, are read to well within these limits. 
Also, error in measuring with a syringe that gives a 
low reading may be cancelled out by an error in inter-
preting the concentration from the spectrum that gives a 
high reading. Thus, the calculatea. 5% relative error 
represen·cs an estimated maximum error rather than a 
well defined limit of accuracy, as might be reported 
with determinate error. 
With the Sigma and Tri-Chol analyses, where, in 
addition to the determinate errors, there is inter-
ference from glucose and phosphatides (25), a more 
' 
estimated error must be reported. The actual procedure 
' involves transfering a measured amount of serum to a 
measured amount of extract solution, and then another 
To this various additions are made and incubation times 
are allotted. The end result is a compilation of a 
number of possible errors. PossiQ!£ errors is stressed 
·-·· 
because, as before, each error could cancel another 
resulting in a very accurate measurement. The best 
that can be done is to report an estimated relative 
error of 10% for a 300 mg % concentration~ This means 
that the range :tor this value would be 270 to 330 mg %. 
It can be seen that reporting a concentration to the 
nearest 1 mg % is in fault. 
The AutoAnalyzer method eliminates most human 
. error, but it is st:lll time consuming. Hov.rever, newer 
methods have allowed the AutoAnalyzer to measure dozens 
. pf samples per hour, though the cos·l:; factor does a:r:•ise 
he:r.e again. If only a few samples are to be analyzed 
·che purchasing of such an ins·brument is quite imp:m:tctical 
since its only use would be limited to these analyses. 
With an infrared spectrophotometer, in compa:t•ison, 
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there is a possibility for other analyses, a:o.d. thus, 
a more. complete utilization of the instrument. 
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CHAPI'ER IV 
Slir1J.V1ARY AND CONCLUSIONS 
The method of infrared analysis of serum trigly-
cerides, as described in this paper, is subject to 
' 
some controversy. It has been suggested by many lab-
oratory t.echnicians that the use of an infrared spectro-
-1:----_photometer for triglyceride analysis is not justif_i_e_d _______ _ 
because of the cost involved in initial purchase of 
such an instrument. It has also been suggested that 
only an inst:rument of high qunli ty 1 and therefore, 
again, of high cost, can be used .. However, it is 
possible to justify its use in another way. 
The use·of an infrared method can prove to be 
time saving and also useful in other serum analyses. 
It serves quite well as a screening test for elevated 
levels of triglycerides, and so, can eliminate the 
time consuming colorimetric analyses of the maj ori·by 
of samples. This is mos·c practical when a graphical 
representation as shown in J!,igure 1J'13 is used. If 1.t is 
used as the only method, it will save on the cost 
and up-keep of the necessary equipment needed for the 
other tests. Futhermore, an infrared spectrophotometer 
can be utilized in the analyses of various other 
substances in serum, as expressed by Stewart and his 
associates (20). These substances include sugars, 
albumin, globulins, and others. This would eliminate 
the need for kits for these analyses. 
There is another region in the infrared spectrum 
of triglycerides that serves as an estimated check of 
: 
the concentration. This lies in the range from 8.05 to 
8.15 microns, with a broad shoulder on the lower wave-
length side of the peak. Examples of these peaks are 
105 mg %, 395 mg %, and 580 mg % respectively. Because 
of the broadness of the peak it can only be used for 
an estimation of the triglyceride concentration. HOwever, 
it does offer a check on the peak at 5.7L~ microns, 
which can be helpful in distinguishing between similar 
levels. 
The methods of colorimetric analyses, as used 
in most clinical laboratories today, offer a measure-
ment of t~iglyceride levels, but the accu~acy 6f 
the re~ults is over~@stimated irt quality. The results 
are usually reported to the netaresi; 1 IDfs %, \vhich is 
incorrect because the determinate error is beyond this 
p:toeeision. The procedure involves one pipette transfer, 
at least five pipette additions, end several other 
steps that could introduce error., Also, glucose and. 
phosphatide inte~ferenoe in the final color is generated. 
Thei'efore, it is not valid to report the concentrations 
of triglycerides to such accuracy as is done in clinical 
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FIGURE #47 
IR.SPEC'J:RUM OF SERUM SHOWING 2ND PEAK 
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laboratories. 
Mention should be made of another possible technique 
for the analysis of serum triglycerides. The end-product 
of the colorimetric tests is 3,5-diacetyl-'1,4-dihydro-
lutidine, and this product is highly flourescent ('10). 
It might be worth considerat'ion and time to attempt 
the development of a flourometric technique. However, 
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in such a procedure would unavoidably involve the same 
error that accompanies the Sigma and Tri-Chol methods. 
It was found that the infrared scheme gave consis-
tent results for samples stored as long as six weeks 
when the samples were frozen. This suggests that the 
sera could be stored and, perhaps, run at a more con-
vient time. In addition, running ·the IR test with_ 
whole blood rather than serum gave identical results. 
This is important because it \vould be simple to spot 
a AgCl cell w:l th whole blood a·t; the same time as a 
glass plate was smeared for a blood count, which 
w6uld increase efficiency. 
Finally, it is suggested that the standard cl~.nical 
laboratory techniques used in analysis of sert® tri• 
-glyce:t"id.es is not as accurate as i'ti has been statecl to 
be, and that the method is ine:f.'tic~umt in comparison to 
the infrared technique, with respect to time and ease 
of operation. I!,uthermore, it is suggested that the 
83 
infrared spectrophotometric technique, as explained 
in this paper, is highly efficient with respect to 
time and ease of operation, and would serve as a val-
uable aid in the screening of elevated serum triglycerides. 
Therefore, in light of these observations, it is believed 
that adoption of the infrare~ method is warranted. 
~---- ------------------
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